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Executive Sunmmary

Chapter 1

Econom sts have begun to use |aboratory experinents to
provide a nore rigorous foundation for the valuation of nonmarket
assets. Experinents provide a tightly controlled environnment in
which explicit structural incentives control for real world
noi se, thereby isolating potentially damagi ng biases of
mechani sns design to reveal preferences prior to field
i npl ement ati on. By isolating biases and inplenmenting nechanisns
with proven denmand revealing capacities, |ab experinents can
increase the accuracy and the validity of the controversial field
val uation technique of contingent valuation.

One aspect of nonmarket valuation with the greatest need for
experinental exam nation is risk. G ven inconplete Arrow Debreu
contingent clains contracts, risk is unavoidable in the naturally
occurring environment. Consequently, obtaining an accurate ex
ante economc value for risk reductions is essential for
efficient allocation of public resources by policymakers. The
purpose of this project is to exam ne the econom c val ue
formati on process in experinmental nmarkets of private and
collective self-protection and self-insurance. Three different
experinents are designed which exam ne individual choice under
risk and uncertainty. The goal of the project is to determne if
and how the value of risk differs under various reduction

mechani sns.



Chapter 2

Four experinmental asset narkets with one risk reduction
mechani sm are devel oped to exam ne the econom c value of reduced
risk. Sel f-protection and self-insurance are exam ned and
conpared in both private, sealed-bid second-price Vickrey
auctions and collective, sealed-bid Snith auctions.

Results indicate that the upper and |ower bounds on val ue
were elicited by the private, probability-influencing self-
protection and the collective, severity-influencing self-

i nsurance. The four asset narkets induce rapid value formation.
Usually only one or two additional market trials were necessary
before an individual's valuation of reduced risk stabilized. The
robustness of these results declined with |ow probability
lotteries. Overall, the results indicate the addition of a
second chance bid will inmprove the accuracy and reduce the

hypot hetical bias of the contingent valuation of nonmarket

assets.

Chapter 3

Four experinental markets with two risk reduction mechani sns
are devel oped and tested. W argue that, when demand is certain,
the prospective renoval of supply uncertainty does not
necessitate a positive option value, given that the |evel of
uncertainty is at least partly dependent on the consunmer's choice
of actions. W conclude that the value of altering the
uncertainty associated with a lottery on a desirable state of

nature is reflected in the individual's option paynents and in



his wllingness-to-pay for self-protection. The experi nent al
results provide weak support for this hypothesis. Addi ti onal
experinmental results include a finding of no significant

behavi oral outcone between self-protection and self-insurance,
slower learning and value formation, further evidence of
nonlinearity in probabilities, and mxed support for behavioral
differences induced by private relative to collective risk

reduction nechani sns.

Chanter 4

Two experinents are designed to exam ne Coasian bargaining
over ex ante lotteries and ex post rewards. The experinments
provi de an independent test of the question: Is there a
fundanental difference in individual behavior given probability
(lotteries) or severity (reward). In Chapter 2, the results
indicate a significant difference in valuation of risk reduction
depending on if the nechanism was probability-influencing self-
protection or severity-influencing self-insurance. In the
Coasi an experinents, however, no significant difference was found
in the bargaining over lotteries or rewards. Therefore, we
conclude that there is not a fundanmental behavioral difference in
behavior toward probability or severity, rather the difference or
lack of it are situation-specific and can't be generalized to a

br oader phenonena.

Chanter 5
The results of the experinent provide future avenues for

exploration by practitioners of the contingent valuation nethod.



First, the mechanism used to reduce risk is inportant. Reducing
risk by altering the probability or severity of an undesired
event through a private or a collective nechanism has been shown
to generate significantly different values. Second, the addition
of a second chances bid after new information is provided could
add insight into value formation in a field context. Third, the
initial hypothetical bid is generally a significant predictor of
the final experienced hypothetical bid. The inplication being
that. an initial bid adjusted for learning could reflect the value
of reduced risk in an experienced market. Fourth, the addition
of a substitutable pair of risk reduction mechani sns can provide
additional realism to the hypothetical markets constructed under
contingent valuation experinents. The addition can reveal
personal preferences toward the nost valued schene of risk

reducti on: private or collective.
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CHAPTER 1

Valuing Risk in Experinental Markets

1.1 Introduction

To provide a nore rigorous foundation for the construction
of conplete Arrow Debreu contingent claim contracts used in the
val uation of nonmarket assets, econom sts have enbraced the

burgeoning field of experinental economics.’

Experi nent al

econom cs provides an institutional framework to exam ne how an
individual fornulates an inplicit price for a nonnarket asset.
Explicit structural incentives control for real world, noise and
mat ch individual behavior with theory, thereby isolating
potentially danmagi ng biases of demand revealing nechanisns in a
rigorous framework of control and repetition. By isolating

bi ases before field inplenmentation, |ab experinments can increase
the validity and accuracy of controversial demand revealing
mechani sms such as the contingent valuation method.? |deally, as
Coursey and Schul ze (1986) note, the practitioners of nonmarket
valuation will "walk away from the |aboratory with a 'best set’
of [contingent valuation] questionnaires," accurately revealing
preferences for a given asset [p. 48].

One aspect of nonmarket valuation which has the greatest
need for the formal institutional framework provided by rigorous
experinentation is risk. Gven the pervasive elenment of
uncertainty in the naturally-occurring environnment, obtaining an

accurate ex ante valuation of a reduction in risk is essenti al

for efficient allocation of public resources by policynmakers.



While the general topic of risk has long been a staple in
econom cs and psychol ogy, valuing reductions in risk is beginning
to receive attention in field application [e.g., Smth and
Desvousges (1987)] and |aboratory experinents [e.g., Knetsch and
Sinden (1984), Schulze et al. (1986)].

The purpose of this project is to exami ne the value of
reduced risk in experinental markets. Three different
experiments are designed which exam ne individual choice and
behavi oral outconmes under risk and uncertainty. The goal of the
project is to determine if and how the value of risk differs
under various reduction institutions. The institutions are
private and collection self-protection and self-insurance. The
| essons learned from these controlled |aboratory experinments can
then be applied to contingent valuation experinents.

Hi storically, the U S. Environmental Protection Agency (EPA)
has allocated substantial resources to develop the contingent
val uation method. The usefulness of this project to the EPA is
it examnes if the ex ante value or wllingness to pay neasure
obtai ned through the contingent valuation nethod systematically
bi ases the econom c value of reductions in risk. The conti ngent
val uation method may bias value estinmate by focusing solely on
collective risk reduction and probability of an event occurring.
For exanple, by ignoring individual private self-protection, and
the reduction of the severity of an undesirable event, the ex
ante willingness to pay measure mght not reflect an individual's

preference for risk reduction already revealed in the private



self-protection or self-insurance market. By using an
experinental setting the project isolates the influence that
efficient self-protection and self-insurance, both private and
collective, has on ex ante wllingness to pay. W can examne if
concepts of risk reduction which refer only to collective action
and probability result in biased estinmates of actual val ue. | f
the ex ante willingness to pay neasures are determned to be
downwardly biased, the EPA can justifiably require that future
contingent valuation experinents determine the wllingness to pay
for collective action and the willingness to pay for self-
protection; or allocate nore resources to collect information on
private expenditures in the self-protection narket. If no bias
is found, then the contingent valuation nethod has passed another

test on its way to beconm ng an accepted tool for policy analysis.

1.2 Experinental Economcs and Contingent Valuation

Since Bohmis (1972) original experinents on preference
revel ation, there has been renewed interest in the use of
nonhypot hetical |aboratory experinments to isolate and control
potential biases associated with the contingent valuation nethod
[ Coursey and Schul ze (1986), Gegory and Furby (1987), Coursey
(1987)]. As pointed out by Hoffman and Spitzer (1985),
| aboratory experinments "provide the cleanest possible test of
fundanental theories in econom cs" since experinents can control
for real world noise, and match individual preferences with

theory by structural incentives. Due to the generation of



substantial and inexpensive data, |aboratory experinents offer a
viable alternative to a field experinent subject to many
unrecogni zabl e errors.

The accuracy and validity of contingent valuation wll
increase with expanded enphasis on |aboratory experinments which
isolate and control potential biases prior to field
experinmentation. Due to the experinmenter control, potenti al
bi ases can be faithfully examned in a scientifically based
framework of rigorousness and repetition. Conti ngent val uation
will also inprove by verification through repeated, application
and conparison and extensive pretesting of paynent vehicles and
other instrunments in the |ab.

Researchers in experinmental econom cs have devel oped and
exam ned several institutional demand revealing nmechanisns to
elicit individual preference for nonmarket goods. For exanpl e
the oral and sealed bid auctions described in Smth (1982) and
the first price and second price auction described in Coursey and
Schul ze (1986) have been extensively examned in |aboratory
setting. The application to field experinentation is still in
its infancy, however [see Brookshire, et al. (1987), Dickie, et
al. (1987), and Brookshire and Coursey (1987)].

Bohm (1984) has set forth two criteria for assessing a
mechanism to reveal preferences for nonmarket comodities: (1)
the method nust be sinple, and (2) the results derived nust be
easily verified. The first criteria is satisfied by contingent

val uation since the technique is extrenely straight forward. W



expected the second criteria wll becone satisfied with nore
experinental replication and verification of the contingent

val uation techniques. Consequently, as replication and

| aboratory experinents increase, we expect nore refinenent and
greater acceptance of the contingent valuation nmethod in the

valuation of reduced risk.

1.3 Experinental Markets

The project designs three sets of experinments to exam ne
choice under risk and uncertainty. The first set of experinents
exam nes valuation formation given one nechanism to reduce the
risk. Four experinmental markets are constructed such that the
individual can bid for the right to reduce risk either through
collective or private self-protection or self-insurance markets.
The second set of four experinents exam nes valuation given two
mechani sns to reduce risk. Two markets are constructed such that
the individual wll have the choice of purchasing either private
or collective self-protection. The remaining two markets the
i ndi vidual can purchase either private or collective self-
i nsur ance. The order the private and collective nmarkets are
presented depends on the experinental narket. The final set of
experinments exam ning Coasian bargaining under uncertainty. The
experinments provide an independent test of the existence of
fundanental differences in individual behavior toward probability

and severity.



1.4 Results Summarized

The main results of the project are the follow ng:

(a) The value of reduced risk given one reduction nechanism
depends on whether the probability or severity of the risk is
reduced and if the nmechanismis private or collective action.
Cenerally, the upper and |ower bounds of value was generated by
the private probability-influencing self-protection and the
collective severity-influencing self-insurance, respectively.

(b) Individuals were found to overestimate the inpacts of |ow
probability events as evidenced by relatively large risk prem um
payments. This holds for both nmarkets with one and two risk
reduction nechanisns. The result provides further support for
violation of the independence axiom of expected utility theory.
(c) Results indicate that after an initial inexperienced

hypot hetical bid only one or two additional nonhypotheti cal
trials induce stable value formation. Consequently, hypothetical
asset valuation mght only be a problemif no learning or second-
chance bid adjustnent is allowed. The robustness of this result
decreased, however, in markets with two risk reduction

mechani sns. The results suggest that the accuracy and validity
of field contingent valuation experinments can be increased with
the addition of a second-chance bid. The second-chance bid is a
bid obtained after the respondent is provided with new
informati on about the market.

(d) Gven the potential of budget constrained field

experinentation, it was shown that the inexperienced hypothetical



bid was a significant explanatory variable of the fina
experienced bid for lotteries of 40% 20% and 10% probability of
a loss in wealth. The results were mxed for a 1% lottery, which
is not encouraging since nost naturally-occurring environnental
risks are lotteries of less than 1%

(e) The results indicate weak support for the hypothesis that
substitutable private risk reduction nechanisnms wll induce the
option paynment for collective action to decrease relative to
expected consuner surpl us. The results indicate that option
value or risk premum can be negative for collective risk
reduction if efficient self-protection of self-insurance is
avai | abl e.

(f) In experinmental markets with two risk reduction mnechanisns
there was an insignificant difference between bids for self-
protection and self-insurance. The substitutable franmework did
not induce the different behavioral outcones induced by markets
with one risk reduction nmechani sm

(g) No significant difference in behavioral outcones was
observed in bargaining experinents over ex ante lotteries
(probabilities) and ex post rewards (severities). The results
support the findings of the experinmental nmarkets with two
nmechani sms rather than the markets with one mechani sm

(h) Geater uncertainty did not induce difference in behaviora
outcome in ex ante and ex post bargaining. The robustness of
bargai ning was found to be independent of the degree of

uncertainty.



(i) Coasian bargaining remains highly Pareto efficient under
uncertain payoff streams. The evidence provides further support
for the weak behavioral form of the Coase theorem

(j) Coasian bargaining does not remain nutually advantageous
under uncertainty. Bar gai ners pooled risks even though this
inplied a disadvantageous bargain for the owner of property right
entitlenents. Consequently, our evidence does not support the

strong behavioral outconme of the Coase theorem

1.5 Qutline of Report

Chapter 2 presents experinmental markets with one nechani sm
to reduce risk. Four markets are examned: private self-
protection, private self-insurance, collective self-protection,
and collective self-insurance. Chapter 3 expands the
experinental markets to include two substitutable mechanisns to
reduce ri sk. The markets include both private and collective
self-protection or self-insurance. Chapter 4 considers if a
fundanental difference exists between individual behavior over
probability and severity by exam ning Coasian bargain under
certainty. Finally, Chapter 5 discusses the inplications of the
project for the contingent valuation nethod, and suggests
directions for future research for valuing risk in experinental

mar ket s.



Endnot es
1. See Smith (1982) and Roth (1987) for a discussion of the
application of experinmental economics to the general economcs
literature. See Coursey and Schulze (1986) for a general
di scussion of the inplications of |aboratory experinents on the
contingent valuation of non-market comodities.
2. See Brookshire and Crocker (1981) or Durden and Shogren
(1988) for a discussion of the contingent valuation nethod. Al so
see CQummings, et al. (1986) and Mtchell and Carson (1987) for an
i n-depth discussion of potentially damaging biases in the
contingent valuation nethod. Biases include hypothetical bias,

information bias, strategic bias, and paynent vehicle bias.



CHAPTER 2
Experinental Markets with One R sk Reduction Mechani sm

2.1 Introduction

The purpose of this chapter is to report results in valuing
reductions in risk in four experimental asset markets. Each
mar ket has one nechanism to reduce risk: either private or
collective self-protection or self-insurance. W focus on risk-
reduci ng asset markets by using Ehrlich and Becker's (1972)
definitions of self-protection and self-insurance. Defining risk
as the ex ante probability tines the severity (i.e., anount) of
an ex post loss in assets, self-protection and self-insurance are
expenditures to reduce the probability and severity of the risk.
Both private and collective purchases of self-protection and
sel f-insurance are considered.

The results reported provide tentative answers to the
foll ow ng questions: (i) Do the four asset markets induce
di stinct valuation responses for a reduction in risk?--Yes, the
val ue of reduced risk depends on whether probability or severity
is reduced and if it is a private or collective reduction.
General ly, the upper bound of value is generated by the private
provision of probability influencing self-protection. The |ower
bound of value is obtained by the collective provision of
severity-influencing self-insurance. (ii) Do valuations conform
to the expected utility requirement of linearity in probabilities

as reflected by an individual's risk prem unf--No, we find

10



further support that individuals overestinmate the inpacts of |ow
probability events as evidenced by extrenely large initial risk
prem um paynents. W find, however, risk prem uns decrease
significantly with repeated market interactions. (iii) Does the
val uation of hypothetical assets differ significantly from the

val uation of nonhypothetical assets?--Yes and no.'

Yes, the
initial inexperienced hypothetical bid differed significantly
from the first nonhypothetical trial bid. No, the final
experienced hypothetical bid did not differ from the first few
nonhypot hetical trial bids. The results indicate that after the
initial hypothetical bid only one or two nonhypothetical trials
were needed to induce rapid value formation. Consequently,
hypot hetical asset valuation nmay only be a potentially damagi ng
bias if no learning or second-chance bid adjustrment is allowed.
(iv) Can the initial inexperienced hypothetical bid explain the
final experienced hypothetical bid?--Yes and no. Yes, the
i nexperienced bid is a statistically significant explanatory
variable of the experienced bid for lotteries with relatively
hi gh probabilities of a loss (40% 20% 10% . Unfortunately, the
results were mxed for the low probability lottery (1% . This
result is not encouraging since nost naturally-occurring
nonmar ket risks are lotteries of one percent or |ess.

These results have inplications for two inportant issues in
nonmar ket valuation: deternmning a conplete neasure of ex ante
value and the continuing use of contingent valuation. First,

consider the ex ante valuation of nonmarket goods. Wth

11



i nperfect contingent clains markets, individuals are not fully

i nsur ed. Questions of ex ante versus ex post valuation becone
rel evant. Since conplete contingency markets rarely if ever
exist, ex ante neasures are especially appropriate for nonmarket
risk [see Helnms (1985)]. An ex ante value neasure refers to the
m ninum ex ante paynent to maintain an individual's expected
utility given a change in the probability or severity of a future
state of nature.

Traditional ex ante value theory has focused on a static
framework for exam ning individual valuation. Qur evi dence
suggests that the static framework does not capture the
individual's value formation process which requires additional
trial periods of new information. A dynam c approach such as
G aham Tomasi (1985) or the |earning approach presented herein
are nore appropriate for examning the inportance of feedback and
learning in determning conplete neasures of ex ante val ue

Second, our results suggest the accuracy of the field
contingent valuation of nonmarket assets can be increased wth
the addition of a second-chance bid. A second-chance bid is
defined as the bid obtained after the respondent is presented
with new market information and allowed to adjust his initial
i nexperi enced bid. Such information could include the nean bid
of other respondents, the Vickrey second-price bid, and the
payout in terns of nonthly or annual expenditures.2 By
replicating experinental nmarket learning in field application

t he second-chance bid could capture the rapid |earning observed

12



in our experinental asset markets.

The second-chance bid has two potential nethodol ogical
advantages over traditional bidding schenmes. First, the second-
chance bid is inexpensive in terns of a respondent's subjective
costs of participating in a field contingent valuation
experi ment. O'ten respondents are engaged in other activities
when asked to participate in a field contingent valuation
experiment. Qur results indicate that only one or two additional
trial periods are necessary before a respondent's valuation of
reduced risk stabilizes. The second-chance bid can allow the
experimenter to quickly obtain a nore accurate valuation.>
Second, our results indicate that the bias associated with
hypot hetical valuation is greatly reduced with the addition of
one or two trial periods. The second-chance bid would allow for
| earning, thereby allowing the contingent valuation experinment to
nore accurately replicate an actual market. Consequently, the
nonmar ket asset beconmes nore realistic to the respondent.

Chapter 2 proceeds as follows: Section 2.2 describes the
four experimental asset markets. Section 2.3 briefly describes
two aspects of experinental procedure: monetary incentives and
| ear ni ng. Section 2.4 presents the conceptual franmework, the
experimental results, and discusses the inplications of the
results on ex ante econom c valuation and the contingent
val uation nethodology. Finally, Section 2.5 presents the

concl usi ons.
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2.2 Experinental Asset Markets
Four experinmental asset markets under private and collective

reductions risk were exam ned. Foll owi ng Schul ze et al.'s (1986)

framework, the economic conditions of the nmarkets are |isted

below.®

(a) Each experinment consisted of a fixed group of subjects
(n = 6) given an initial identical bundle of assets, $M

(b) Each asset market consisted of four binary lottery periods
(P, -$L; 1 - P, +3G, where P (0 < P < 1) is the probability
of a nonetary loss $L, and 1 - P is the probability of a
nonetary gain $G Each lottery period was consistent across
asset markets to ensure conparability of results.

(c) Each binary lottery, period consisted of twelve bidding
auctions: one inexperienced hypothetical auction, ten non-
hypot heti cal auctions, and one experience hypothetical
auction. Each subject, therefore, reported eight
hypot hetical bids and forty non-hypothetical bids for
reduction in risk.

(d) The four asset markets were defined in terns of private and
collective reductions in risk. Markets SP and SI are the
private provision of self-protection and self-insurance to
reduce a risk to zero. Self-protection reduces the
probability of a loss to zero; self-insurance reduces the
severity of the loss to zero. NMarkets CSP and CSI are the
collective provision of self-protection and self-insurance.

(e) The private risk reduction markets (SP and SI) were

14



organized as a Vickrey sealed-bid second-price auction
[Vickrey (1961)]. Each subject conpetes for the purchase of
protection on insurance. The winner is the subject with the
hi ghest bid who pays the second highest bid for a 100%
reduction in risk. Both the wi nner and second bid were
posted as public information for each auction.® Al

subjects were present for all bids.

The collective risk reduction markets (CSP and CSI) were
organized as a nodified version of the sealed-bid Smth
Auction process [Smth (1980)]. The Smth Auction process
works as follows. Each subject provides a bid to reduce
risk to zero. If the sum of the bids equals or exceeds the
costs of providing a 100% reduction in risk, then an
adjusted (or average) bid is posted as the reigning price of
protection or insurance. Acceptance by the collective of
the price occurs only if all nenbers agree. If at |east one
subj ect disagrees, then everyone is subject to a controlled
draw of the lottery.” If the sum of bids does not exceed
costs, then a controlled draw of the lottery occurs

Communi cati on anmong subjects is forbidden. The experinenter
sets the costs $C of 100% risk reduction equal to the sum of
expected consuner surplus given the lottery period. Cost s
were not posted. For the four experinmental asset markets
the Smth Auction process is nodified in three ways: (i)
given a 100% risk reduction, subjects were not asked to

provide bids for the quantity of collective good, (ii) no

15



rebate rule was used, and (iii) there was no stopping rule

after unani nous agreenent, all 12 auctions were conpl et ed.

(gy A controlled draw from an urn containing P red chips and
(1 - P) white chips determne the results of the binary
lottery. A red chipis a $L loss, a white chip is a $G gain
to assets. The drawn chip was replaced after each draw.

(h) Initial assets $M were reinitialized at the start of each
bi ddi ng auction, thereby avoiding capital gains and |osses
across bidding auctions.

(i) No ot her nmarket insurance was avail able. No transaction
costs other than the price of self-protection or self-
insurance were present. Appendix A contains the
instructions for a private and collective asset market.

The four asset markets were exam ned using subjects who were
under graduate students at Appal achian State University.® |
subj ects were considered inexperienced in that they had not
previously participated in a l|laboratory experinental narket.

In accordance with induced value theory [Smith (1982), Plott
(1982)], the experimental parameters were consistent across asset
markets and lottery periods: jnitial asset endowrent M = $10
nmonetary loss in assets L = $4; nonetary gain in assets G = $1;
and the four lottery periods (in order of presentation to
respondents) were P = .2, .1, .01, or .4. The respective
collective costs for each lottery period equaled the sum of
expected consumer surplus C = $6, $3, $.3, or $12.° As in

Schul ze et al. (1986), the range of lottery periods examines if

16



and how behavior in low probability lotteries differs from

behavior in high probability lotteries.

2.3 Experinental Procedures: I ncentives and Learning

G ven the inportance of nethodol ogical design in determning
i ndividual preferences [Smith (1982)], consider two points of
experimental procedure. The first involves the use of nonetary
i ncentives. Many econom sts believe that wthout real-noney
incentives subjects behave strategically not revealing true
preferences, or wll not bother to take the experinment seriously.
Consequently, they fear purely hypothetical experinents in the
field or laboratory to inaccurately reveal preferences. Evi dence
suggests that when paynent depends on the quality of the
deci sion, subjects pay nore attention [Thaler (1987)].
Essentially, dollar incentives force individuals to behave
rationally by replicating a real-life conpetitive market. W
exam ne how non-narket values are affected in nmarket situations
by utilizing both hypothetical and nonhypothetical scenarios.

The second point involves l|learning or value realization.
Experinments are designed as either one-shot decisions or repeated
trial decisions. Thaler (1987) questions whether subjects
actually do better in repeated trials. One-shot experinents,

Thal er argues, attenpt to discover the intuitions that subjects
bring into the |aboratory and report as their initial response.
This initial response may well be the one a subject would make in

areal life situation. There are nmany, however, who question

17



whet her a one-shot response is neaningful [Coppinger et al.
(1980), Coursey and Schul ze (1986), Coursey et al. (1987)]. They
argue that one should distinguish between individual choice
behavi or and individual behavior in nmarkets [Coursey (1987)].
mar ket influences individual |earning of value due to the

| ear ni ng- f eedback-environnment-of a repetitive franmework.
Contributions to reduce risk are rarely in-ternms of a one-shot
lifetime subscription. Therefore, to determne to what extent
repetition affects value formation and inplicit prices for
reduced risk, we explore the dynami cs of repeated nmarket trials

compared to static one-shot responses.

2.4 Experinmental Results
2.4.1 Conceptual Franework

I ndi vidual s perceive they can exercise substantial contro
over their lives, including the ability to do sonething about
many of the risks which they face. | f, because of noral hazard
and inconplete contingent clains contracts, individuals are not
fully insured, the ex ante willingness to pay neasures for a
reduction in risk becone relevant to value estination. Si nce
conplete contingent clainms markets-rarely, if ever, exist for
environmental risks, these ex ante neasures are especially
appropriate for these goods. The ex ante neasures we are
concerned with are the maximum wllingness to pay for self-

protection or self-insurance [Ehrlich and Becker (1972)].
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Sel f-protection decreases risk by reducing the probability
of an undesired event occurring. For exanpl e, suppose an
i ndividual has a probability P of drinking unpotable water. It
is possible for the individual to influence the probability by
purchasing, say a private water filter, such that P = P(s,) where
s, is the nonetary equivalent of self-protection at tinme period t
(t =1,...T). An increase in self-protection decreases the
probability of drinking unpotable water, P, < 0. Subscript
denotes the relevant partial derivative.

Sel f-insurance decreases risk by reducing the severity of an
undesired event. For exanple, an individual has a loss $L from
drinking unpotable water. The individual can reduce severity of
the |l oss by adopting assorted mneasures to increase personal
resistance, e.g., exercising or preventive nedication, such that

L = L(Z,), where 2, is the nonetary equivalent of self-insurance

at tinme period t. An increase in self-insurance reduces the
severity of drinking unpotable water, L, <O.
To illustrate self-protection and self-insurance, consider

an individual who is uncertain about which of two nutually
exclusive and jointly exhaustive states of nature wll occur.
The individual, whose preferences and incone are independent of
the states, nmmkes a choice in a von Neunan-Mrgenstern franmework
where his expected utility is an increasing and differentiable
function of his certain asset endowrent M In the absence of

self-protection or self-insurance, expected utility, EU, is

EU = PUM - L) + (1 - P)U(M + G), (2.1)
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where E is an expectations operator, and P (0 < P < 1) is the
individual's initial degree of belief a loss of L will occur,
(1 - P) is his belief that a gain of G will occur, and
UM- L) < UM+ G.
When opportunities are available to purchase self-protection

or self-insurance or both, (2.1) can be rewitten as

EU, = P(s,|K.)U, (M - L(Z,) - s, - 3,) +

[1 - P(S¢|Keq) JU.(M + G- s, - Z) (t=1,...,7), (2.2)

where K, is the nessage or information from trial t-1 used to
update a prior |likelihood. If only self-protection is available,
t he maxi mum st“‘ an individual would pay to reduce the probability

of a $L loss to zero is

UM+ G- s™=PYM- L) + (1 - PUM+ G, (2.3)

or solving for s,

s = M+ G- U, [EU] (2.4)

The last term on the right-hand side of (2.4) is called the
certainty equivalent for the wealth prospect M+ G

If only self-insurance is available, the maxi num Zt“’ an

i ndividual would pay to reduce the severity of a P probability to

zero, is

P(K.)U, M - 2™ + (1 - P(Xy) (M + G- 2

=PYUM- L) + (1 - PUM+ QO (t =1,...,T) (2.5
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In general, for risk averse or risk neutral individuals s" > 2"

since self-protection guarantees a certain gain of G while self-

i nsurance does not.mM

2.4.2 Analysis of Means

Table 2.1 summarizes the results for risk reductions for all

four asset markets and lottery peri6d§;9~-Thé first two colums
describe the four experinental asset markets and the four lottery
periods of a potential loss in assets. The table reports two
neasures of central tendency for each bid (inexperienced

hypot heti cal bid, average nonhypothetical bid over ten trials,

and experienced hypothetical bid), the estinated nmean and nedian
bids in dollars; and one neasure of dispersion, the estimated

vari ance.

2.4.2.1 Learning

Coppi nger et al. (1980), Coursey et al. (1987) and others
have noted that a nunber of trial iterations are required before
the respondent realizes that revealing "true" values is the
dom nant strategy in a Vickrey or Smith auction. Therefore
perhaps the nost striking result is how rapidly respondents
adjust their initial inexperienced hypothetical bid (UEHB).
Learning and adjustrment to a dom nant strategy occur during the
first few nonhypothetical trials. The imedi ate feedback
environment of the experinments induce rapid bid adjustnent.
Figure 2.1 illustrates for each lottery period and all asset

markets the UEHB bid was significantly larger than the mean first
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TABLE 2.1

Summary Statistic of Experinental Markets
with One R sk Reduction Mechani sm

| nexperi enced Aver age Experi enced
Probability Hypot het i cal Nonhypot heti cal Hypot heti ca
Asset of Bi d( UEHB) Bi_d(_ ANB) Bi d( EHB)
Mar ket ' A Loss Mean Median Variance Mean Median Variance Mean Median Variance
1. Self- 20% 3.35 3.00 5. 40 2.93 3. 36 1.49 3.45 3.50 3.80
Protection 10% 2.87 3.00 5.42 1.09 2.98 1.42 1.13 1.38 4.19
(Private) 1% 2.73 1.50 11.72 0.78 0.38 0.94 0.81 0.35 2.08
40% 4.62 4.00 7.45 3.93 3.70 2. 66 4. 37 4.00 4.57
2. Self- 20% 3.93 4. 00 5.26 2.56 2.16 2.69 2. 44 2.25 2.59
I nsur ance 10% 2.93 2.28 6.23 1.09 0.79 1.10 1.13 0. 86 0.92
(Private) 1% 1.85 0.50 10. 35 0.09 0. 07 0.02 0. 07 0.03 2.01
40% 4.91 5.00 5.32 3.35 3.31 1.81 3.33 3.58 1.87
3. Self- 20% 2.77 3.00 3.04 1.27 1. 02 0. 89 1.00 0.90 0.32
Protection 10% 2.74 2.00 6.57 0. 80 0.54 0. 60 0.75 0. 48 0. 89
(Collective) 1% 2.79 1.00 12. 37 0.84 0. 06 3.30 0.78 0. 06 3. 97
40% 3.04 3.00 2.39 2.13 2.02 1.46 2.09 2.00 1.34
4. Self- 20% 1.81 2.00 0.91 1.26 0. 88 2.23 1.11 1. 00 1.21
I nsurance 10% 1.25 1.00 1.03 0.70 0.50 0.77 0.43 0. 38 0.20
(Collective) 1% 0. 97 0.50 2.82 0.77 0. 06 7.09 0.78 0.02 0.03
40% 2.55 2.50 2.22 1.95 1.41 3.19 1.73 1.21 2.14

®n=30 for each asset market

NOTE: We do not accept the null hypothesis that the population nean is zero at
the .01 level using a one-tailed test for all UEHB, ANB, and EHB bids across asset

markets and lottery periods.



nonhypot hetical trial bid (Tl). Using a one-tailed W]Icoxon

mat ched- sanpl e sign test conducted at the 99% confidence |evel,
we did not accept the hypothesis that the respective UEHB bids
and the Tl bids are derived from the identical parental
distribution [20% Z = -4.928; 10% Z = -6.969: 1% Z = -6.626; 40%
Z = -6.0051. See Siegel (1956) for a discussion of the WIcoxon
test.

Figure 2.1 shows after the first three trial bids (Tl - T3)
the remaining trial bids relative to the experienced hypothetical
bid (EHB) revealed relatively mnor adjustnments in val ue. For
the 20% and 10% probability of a loss, using a one-tailed
W/l coxon rank sum test at the 99% confidence |evel we accepted
the hypothesis that the first trial bid (Tl) was statistically
equi valent to the experienced hypothetical bid (EHB)

[20% z = 1.455; 10% z = -1.279]. For the 1% probability the
second trial bid (T2) was insignificant from EHB (Z = -1.293);
for the 40% probability the third trial bid (T3) was
insignificant from EHB (Z = 1.375).

Also note that the trials induce the dispersion of bids to
coll apse as the variance decreases with repeated bids. For
exanple, Figure 2.2 and 2.3 show the variance of bids to reduce a
20% and 1% chance of a loss declines significantly. Ther ef or e,
bids are focusing in on a comon unit, reducing the spread of the
bid distribution.

Rapid learning is encouraging for the continuing use of

demand revealing mechani sns such as contingent valuation since
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sinmple adjustnments can be nade to the current one-shot field
experiments. Wthout greatly increasing the respondent's
subj ective costs of participating in the field experinment, the
addition of one extra bidding trial, a second chance bid, wll
allow for learning, thereby nore accurately reflecting an actua
mar ket response. The opportunity for bid adjustnent is inportant
for valuing reduced risk since respondents initial beliefs are
generally quite different from equilibrium behavior. For
example, a field contingent valuation experinent by Dickie et al.
(1987) found that after explaining the inplications of the
respondent's initial bid in terms of nmonthly nonetary outl ay,
initial bids to reduce headaches and coughing declined from $178
and $355 to $3.24 and $1.60.% (ne additional second chance bid
was all that was necessary to induce a nore accurate narket
response. Al'lowi ng the respondent a second chance to adjust
their bid after additional information of inplications or what
other respondents bid, differentiates between what respondents
are willing to pay and what they are willing and able to pay.
However, if binding constraints force a field contingent
val uation experinment to use only a one-shot inexperienced
hypot hetical bid nechanism can we predict the experienced narket
bid from the initial inexperienced bid? To test if the
i nexperi enced hypothetical bid (UEHB) is a statistically
significant predictor of the experienced bid (EHB) we estinmate a
separate ordinary |east squares nodel for each asset market for

the four lottery periods. Table 2.2 sumarizes the results of
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TABLE 2.2

Summary Results for Odinary Least Squares
Model of Experienced Hypothetical Bid
for Experinmental Market with One Ri sk Reduction Mechani sm

Probability Asset | nexperi enced )
of Loss Market®  Constant® Hypot hetical Bid R
1. 20% SP 1. 836 0.481 .33
(3.486)** (3.706)**
Si 0. 681 0. 447 .41
S G
(3. 996) ** (1.301) '
Csl -0. 289 0.775 .45
(-0.878) (4.784)**
2. 10% SP 0.728 0. 451 . 26
S ‘3'23%) (g'%fg)** 09
(3.011)** (1. 641) '
CSP 0. 247 0.184 .25
(1.105) (3.066)**
CSl 0.104 0. 267 . 36
(0.977) (4.001) **
3. 1% SP 0. 653 0. 056 .02
S| (é'ggg (5 063 01
(3.077)** (- 0. 496) '
CsP -0. 085 0. 308 .30
(-0.213) (3.428)**
Csl 0.039 0.034 .10
(1. 053) (1. 744) *
4.  40% SP 3.011 0, 293 .14
S (j'éfg)** (g %gg)** 09
S S
(3.260) ** (1.363) '
CSl 0. 207 0. 595 .37
(0.478) (4.031)**
¢ - The asset market definitions are: SP = private self-
protection, SI = private self-insurance, CSP = collective self-
Protection, and CSI = collective self-insurance.

- Nunber in parentheses are the ratios of the estinated
coefficients to their standard errors.

- Significant at the .05 level using a one-tailed test for 'the
nul | hypothesis that the population nean is zero.
**- Significant at the .01 level using a one-tailed test.



t he nodel s. For the 20% 10% and 40% lottery periods at |east
three of the four asset markets yielded statistically significant
regression coefficients (99% confidence |evel).

For the 1% probability period, however, the inexperienced
bid (UEHB) had mxed results at explaining the experienced bid
(EHB). Only two of the four asset nmarkets (collective self-
protection) had a significant regression coefficient; one at the
99% confidence level, and one at 95% This result is not
encouragi ng for one-shot field experinents since the nmajority of
natural |l y-occurring nonmarket risks fall well below the 1% | evel
[see Smth and Desvousges (1987)]. The inexperienced bid may or
may not be a reliable predictor of the experienced nmarket bid for
low level risk. Trying to overcone this difficulty with repeated
trials at the low probability level is not always successful.
Four trial periods (T4) were required before three of the four
asset markets yielded significant coefficients at the 99%
confidence |evel. The collective self-insurance market, however,
never vyielded significant coefficients for the experienced bid
(EHB) for the respective ten trial periods (T1 - T10). Wether
this result is due to the group of respondents or the auction

market is unclear.™

Regardless, if repeated trials (three or
nore) are required to elicit market values, it may increase the
field respondent's subjective costs of participating to a
prohibitive level [also see Coursey and Schulze (1986)].
Consequently, the effectiveness of field contingent valuation is

r educed.
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2.4.2.2 Private vs. Collective Ri sk Reductions

Respondents in the asset markets were exposed to either
private or collective reductions in risk. The private
conpetitive asset markets of self-protection or self-insurance
were designed to capture individual reductions in risk, the
collective markets capture group risk reductions. Figures 2.4
through 2.7 illustrate the nmean bids for the four asset markets,
over the trial periods. Except for the 1% probability period
[Figure 2.53], the experienced market value bid (EHB) for private
ri sk reductions exceeded the value bid for collective reductions.
Using a WIcoxon rank-sum test at 95% confidence |level we did not.
accept the hypothesis that the mean experienced hypothetical bid
(EHB) for the respective private risk reduction through self-
protection or self-insurance were derived from the sane parental
distribution as the collective reductions.'

The results have inplications on the paynent mechani sm used
in field contingent valuation experinents. Traditionally, the
paynent nmechanism is a collective schene in which an agency
exogenously reduces a risk if the sum of individual payments
(i.e., higher taxes, group fund) exceeds the costs of reduction
e.g., Winstein et al. (1980), Smith and Desvousges (1987)]. A
| arge nunber of risks are endogenous, however, and can be reduced
privately through self-protection or self-insurance nechani smns.
By concentrating on collective risk reduction mechani sns and not
private mechanisnms, our results indicate that traditional use of

contingent valuation may in fact only be a lower bound on the
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econom ¢ value of risk reductions.

2.4.2.3 Self-Protection vs. Self-Insurance

Two aspects define risk: the probability and severity of an
undesirabl e event. I ndividuals and collective agencies reduce
risk by decreasing either aspect. Sel f-protection decreases
probability, and self-insurance decreases severity. Gven one

can discrimnate between self-protection and self-insurance

expenditures, is one reduction schene preferred to another?
Current theory yields an anbi guous answer. In section 2.4.1, we
argued that the risk-averse or risk-neutral individual wll value

self-protection nore than self-insurance since self-protection
guarantees a nonetary gain. Boyer and Dionne (1983) argue that a
risk averse consuner wll always prefer self-insurance to self-
protection, however, since the fornmer is nore efficient in terns

of risk reduction. Alternatively, Chang and Ehrlich (1985) argue

that self-insurance is not always preferred to self-protection
since both nmust be equally desirable in terns of marginal
contribution to expected utility.

Utimately, npbst questions are answered enpirically. our
results indicate that for the four probability periods the nean
bids for self-protection exceed that for self-insurance. A
Wl coxon rank sum test at the 95% confidence |evel indicates that
the experienced hypothetical bids for private self-protection are
significantly different from the bids for private self-insurance

for all lottery periods [20% Z = 2.595: 10% Z = 2.837; 1% Z =
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3.214; 40% Z = 1.990]. Respondent's were willing to pay nore for
private nechanisns that influence probability than nechani sns
that influence severity. Respondents were not willing to pay
nore, however, for collective nmechanisnms that influence
probability relative to severity. A WIlcoxan rank sum test at
the 95% confidence level indicates the experienced hypothetical
bids for collective self-protection are not statistically
significant from collective self-insurance for all probability
periods [20% Z = 0.059; 10% Z = 1.289; 1% Z = 1.702; 40% Z =
1.718].

2.4.2.4 R sk Premum

Expected utility has been criticized for observed violations
of the independence axiom [see Machina (1982, 1983)]. Bot h
psychol ogi sts and econom sts have observed systematic violations
of the "linearity in probabilities" property of the independence
axi om Studi es have found individuals oversensitive to changes
in the probability of low probability events, and undersensitive
to large probability events. This violation is particularly
damaging since it inplies non-recovery of the von Neumann-
Morgenstern expected utility function.

To determne if respondents in the experinental asset
mar kets overenphasize small probabilities and underenphasize
large probabilities, we examne the individual's risk preference
in terns of a risk premum A risk premium is the anount above

expected consuner surplus the risk averse individual is wlling
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to pay ex ante to elimnate the risk of losing $L of their
assets.'” If the individual over enphasi zes small probabilities,
then the risk premum for elimnating a 1% probability of a I|oss
shoul d exceed the risk premuns for a 10% 20% and 40%
probability. Table 2.3 reports the summary statistic for the
four asset narkets over the four lottery periods. The i ndi vi dual
is risk averse (neutral/lover) if the ratio of bid to expected
consumer surplus is greater (equal to/less) than unity. Figure
2.8 illustrates the results for the conbined asset narkets for
the four lottery periods. Respondents were initially extrenely
ri sk averse, overestimating the 1% probability of a loss in the
initial inexperienced hypothetical bid. Wth repeated market
exposure through ten nonhypothetical trials, however, the
overestimation declined. Al though the risk premum for the 1%
probability for the experienced hypothetical bid is still |arger
than the other probability periods, oversensitivity declines
rapidly with market experience.™ The results support Plott and
Sunder's (1982) argunment that for a well-defined, nmature mnarket
environnent, expected utility is "not wuniversally msleading

about the nature of human capabilities and markets" (p. 692).

2.5 Concl usi ons

W separate our conclusions into two areas: (a) alternative
asset market nechanisns to elicit the econom c value of reduced
risk, and (b) rapid value formation and the second chance bid.

First, four experinental asset nmarkets with one risk
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TABLE 2.3
Summary Statistic of Risk Preference and R sk Prem um
of Experinmental Markets with One R sk Reduction Mechani sm

Probability | nexperi enced Aver age Experi enced

of Hypot hetical Bid Nonhypothetical Bid Hypothetical Bid
a_Loss Mean/Es® Mean/ ES Mean/ ES
Sel f - 20% 3.35° 2.93 3. 45
Protection 10% 5.74 3.48 4. 04
(Private) 1% 54. 60 15. 60 16. 20
40% 2.31 1.97 2.19
Sel f - 20% 3.93 2.56 2. 44
I nsur ance 10% 5. 80 2.18 2.26
(Private) 1% 37.00 1.79 1.41
40% 2.46 1.73 1.67
Sel f - 20% 2.77 1.27 1.00
Prot ection 10% 5.48 1.60 1.51
(Col l ective) 1% 55. 80 16. 84 15.52
40% 1.52 1.06 1.04
Sel f - 20% 1.81 1.26 1.11
I nsur ance 10% 2.50 1.40 0. 86
(Col I ective) 1% 19. 40 15. 40 1.40
40% 1.28 0. 98 0. 87

=

- ES represents expected consunmer surplus ES = $1, $.5, $.05 and $2
for lottery period = 20% 10% 1% and 40%

- Mean/ES > 1(=1/ < 1) inplies risk aversion (neutrality/lover).
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reducti on mechanism are considered to determne a value for
reduced risk. Qur results indicate private probability-
influencing self-protection provides an upper bound on val ue,
while collective severity-influencing self-insurance provides the
| ower bound. The significant differences in value estimtes by
the four asset nmarkets indicate the current focus on collective
self-protection in field experinentation determnes only one of
four possible risk reduction value estinmates. Future field
contingent valuation should consider the other three asset
markets as alternative nechanisnms to reveal value for reduced
risk. By doing so a nore conprehensive view of value wll be
obt ai ned.

Second, the four asset markets with inmedi ate market
i nformation feedback induced rapid |[earning. Usual |y val ue
formation was conplete after one or two additional market trials.
This result indicates enhanced accuracy of demand revealing
nmechani sns such as contingent valuation with the addition of a
second chance bid. A second chance bid wll allow the individual
to adjust their initial value estimate after being provided wth
experimenter-controlled information on the market inplications of
their initial bid. Such information could include the nean or
median bid of other individuals, the reigning market price in
terms of Vickrey or Smth auction mechanisnms, and the nonthly or
annual inpact of their bid."™ |n addition, a second chance bid
may reduce the biases associated with valuing hypothetical

assets. Qur results indicate that after one or two trials,
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experienced hypothetical bids did not differ significantly from

nonhypot heti cal bids.

Note, however, these results nust be qualified for use in

val uing nonmarket risks of one percent or less. The robustness

of predictability and value formation decline for three of four

asset nmarkets during the 1% lottery period. The addition of a

second chance bid, however, wll still induce value formation to

a degree closer to predicted by expected utility theory.
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Endnot es
1. Hypothetical asset valuation is the case where the purchases
of self-protection or self-insurance are purely imaginary. No
real money is exchanged, the subject's bid for risk reductions is
not binding, and the outcone of the lottery is not resolved.
Nonhypot heti cal asset valuation is precisely the opposite. All
bids are binding, the lottery is resolved, and real noney is
exchanged between experinenter and subject.

Hypot hetical bids are categorized as either inexperienced or
experi enced. An inexperienced hypothetical bid is the initial
bid of the experinmental session before any actual nonhypotheti cal
trials are run. An experienced hypothetical bid is the final bid
of the lottery period after the subject has "experienced" ten
nonhypot hetical trials.

The inexperienced hypothetical bid cones the closest to the
bids obtained in field contingent valuation surveys.

2. Rowe et al. (1980) first used the idea of presenting narket
information to respondents to allow for bid adjustnent. However,
since Rowe et al. the use of nmarket information for bid

adj ustnent has been negl ected. Qur results indicate this neglect
is unjustified, and further field experimentation on a second-
chance bid is warranted.

3. A second-chance bid differs from traditional iterative

bi ddi ng schenes. Iterative bidding sinply determnes if the
individual will pay an additional fixed increnent above the

initial bid. No additional information is provided [see Durden
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and Shogren (1988)].

4, Schulze et al. (1986) only consider one of the four markets
described in this paper, private self-insurance. The economc
conditions were deliberately replicated, thereby providing an
i ndependent data set to verify or refute Schulze et al's results.
Future experinments wll exam ne econom c valuation given
differing paraneter set.

5. Risk was reduced to zero to act as a boundary point for
future experinments. Reducing risk to zero creates the so-called
"certainty" effect [Kahneman and Tversky (1979)] in which
individual's are willing to pay nore for, say a 10% risk
reduction if P = 10% and was reduced to 0% than if P = 30% and
reduced to 20%

6. Since Vickrey's (1961) initial wutilization, the second-price
auction nmechanism has well known demand revealing properties.
The subject's domnant strategy is to reveal full preferences
since the subject does not pay what they bid. | ncentives for
fal se bids do not exist.

7. See Smth (1977) and Banks et al. (1986) for a discussion of
unanimty and the collective provision of goods.

8. Bennett (1987) found student responses statistically
insignificant from respondents representative of the general
popul ati on. This suggests experinentation may be "satisfactorily
perforned using student groups" (p. 367).

9. As shown in Bishop (1982), the expected consuner's surplus

for a binary lottery equals the difference between the naxi mum
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lottery incone (M + G and the expected value of the lottery
EV=PM- L) + (1 - P) (M+ Q. Such that

ES= (M+GQ - P(M- L) - (1-P) (M+0G =PL +0Q
where ES is the expected consuner surplus. For exanple, in the
20% lottery period,

ES = (10 + 1) - .2(10 - 4) - .8(10 + 1) = $1.
10. Ehrlich and Becker (1972) pose the question: can you define
a state of the world that is independent of hunman actions? The
answer is yes, but such a state is not what econonists should be
concerned with. This point can be illustrated using an exanple
in Ehrlich and Becker. Consider the probability that a bolt of
lightning will burn a house down. The probability of the event
occurring can be influenced by the owner placing a lightning rod
on his roof. This state of the world is not independent of hunman
actions. The state of the world can be redefined to be
i ndependent of human actions if the state is the probability that
lightning strikes the house. Humans have no control over that
event . However, as economi sts, we should not be concerned with
the probability that a lightning bolt strikes, but with the
probability that the house burns down. In other words, the
outcome and the probability of its occurrence is what we nust
consider. This outcone is not independent of hunan actions.
11. For a risk neutral individual, the utility terms are |inear
such that s, = P[L + G and Z, = PL, which inplies that s, > Z,.
For a risk averse individual, we note that s, = M+ G - U [EU]

and 2, = M+ G- UYEU + PUM+ G- 2) - UM- 2)]]. Since
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PIUM+ G- 2 - UM- 2)] >0 and U is concave increasing,
then s, > Z,.

12. Forsythe et al. (1982) note the frustrating "open problens
that are being encountered in alnost all experinental work where
the costs of conducting experinments places a significant
constraint on the nunber of observations" (p. 549). G ven the
sanple size of n=30 for each asset narket, one nust heed Forsythe
et al.'s warning that "statistical tests we report should be
regarded nore as neasures than classical hypothesis tests" (p
549) .

13. See Fisher (1988) for an overview of the problens associated
with valuing health risk from a policymaker's viewpoint.

14. Schulze et al. (1986) attributed the problens associated with
| ow probability lotteries to problenms of (a) fram ng of decision
problem and (b) the so-called ganbler's fallacy--adjusting the
probability of a loss upward with repeated desirable outcones

15. There was one exception: self-insurance and collective self-
insurance at the 1% lottery period (Z = 0.576). The remaini ng
statistics for self-insurance versus collective action are 20%

Z = 4.142; 10% Z = 3.882; and 40% Z = 3. 996. The statistics for
self-protection are 20% Z = 5.073; 10% Z = 3.374; 1% Z = 1.936;
and 40% Z = 4. 883.

16. Bennett (1987) also recognized this point in an experinental
study on strategic behavior and the valuation of nonmarket

assets. The upper and | ower bounds of value conform to Bohnis

(1984) notion of an interval approach to the valuation of
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nonmar ket assets. The interval approach allows for greater
flexibility in allocation decisions since benefit estimtes are
presented as confidence intervals based on controlled behavioral
incentives to over- or underestimate true val ue.

17. See Bishop (1982) for a derivation of the risk premum RP
such that

RP, = s

A -ES 0 RP, = Z, - ES.

t
18. Kunreuther et al. (1985) noted the substantial enpirical

evi dence suggesting individuals are unwilling to insure or

protect thenselves against |ow probability/high severity events.
In light of this finding, our results support a notion of
preference reversal in that the willingness to pay a risk premum
was the highest for the low probability lottery. Yet apparently
this behavior is reversed in real-world risks such as seat belts
and federally subsidized flood insurance [Kunreuther et al.
(1985)].

19. Brookshire and Coursey (1987) have extended aspects of the
Smth Auction process to a field study on the value of tree
density in a public park. No actual auction was conduct ed,

rather elenments of the Smth auction were presented to
respondents. These elenents include information on what other
respondents were bidding, and the costs of providing alternative

tree density |evels.
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CHAPTER 3

Experimental Markets with Two Risk Reduction Mechani sns*

3.1 Introduction

This chapter exam nes experinental markets with two
sequential mechanisnms to reduce risk. The experinents determnine
if and how private and collective risk reduction behave as
substitutes. W exanmi ne the robustness of collective option
paynents relative to private self-protection or self-insurance.
In doing so, traditional views of supply-side option value or
risk premum are reevaluated both theoretically and enpirically.

Wi sbrod (1964) expanded the scope of benefit-cost analysis
by exam ning the potential relevance of exogenous ex ante
consumer uncertainty for neasures of economic efficiency. He
argued that a conplete analysis must account for risk preference
as reflected by a risk premum (option value) the difference
between the maximum a risk averse individual would be willing to
pay to retain the option of using a future good (option price)
and the expected value of ex post consuner surplus.' The latter
is a traditional Marshallian or Hicksian neasure while the fornmer
includes a risk prem um because the consunmer is required to nake
a decision before the state of nature or its associated outcone
is reveal ed. Most of the abundant environnmental econom cs
l[iterature on option value has sought to establish whether it is
negative, positive, or zero, which would respectively inply that

the traditional neasures of environmental protection and
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i mprovenent are positively, negatively, or not at all biased.?
It is generally agreed that the sign of option value is
indetermnant for a risk-averse consunmer. A nmjor exception, as

Bi shop (1982) and Smith (1983) have shown, is that option value

will be positive when demand is certain and supply uncertainty is
eliminated.’?
The option value literature, however, invariably assunes

that the individual consunmer treats the probability and severity
of provision of a undesired good as exogenous, i.e., his private
i nfluence over an uncertain outcone is presunmed to be
predetermned or nonexistent. Exogeneity is by no neans an
obvi ous assunption and it is not difficult to find perfectly
reasonabl e, everyday counter-exanples. For exanple, when a
potable water supply is uncertain, individuals often choose to
provide self-protection in the form of bottled water, water
filters or both [see Smth and Desvousges (1986b)]. O her
exanpl es of self-protection include purchases of air purifiers
and conditioners to increase the I|ikelihood of acceptable air
guality, and the construction of air vents and isolation panels
to reduce the likelihood of radon contamnation [Smith and
Johnson (1988)]. These and simlar exanples of environnental
quality issues conform to what Mhring and Boyd (1971) and Cornes
and Sandler (1986, Chap. 7) term inpure public goods which have
benefits that are only partially rivalrous or excludable.

Since Ehrlich and Becker's (1972) semnal article, the

i mportance of endogenous probability and severity has becone
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increasingly apparent in many areas of economc, including
l[iability analysis [e.g., Shavell (1983)], safety issues
[Peltzman (1975)], non-Nash behavior [Shogren (1987)], and
political voting [Austen-Smth (1987)]. The purpose of this
chapter is to reexam ne supply-side option value, given
endogenous probability and severity. W design four experinental
asset markets with two nechanisnms to reduce risk.

Contrary to traditional argunments, we argue that the
prospective renoval of supply uncertainty does not necessitate a
positive option value, given that the level of uncertainty is at
| east partially dependent on the consuner's choice of actions.*
Since an individual who is an efficient provider of self-
protection will have a wider variety of ex ante and ex post
choi ces [Spence and Zeckhauser (1972)], the likelihood of a small
option price, and consequently, a trivial or negative option
value is increased. Therefore, any concept of ex ante valuation
must include both self-protection or self-insurance and option
price paynments in order to avoid msestimating actual economc
benefits of collective supply of a nonmarketed environnental
good.5

The experinental markets provide weak support for our
ar gunent . Each individual provided two sequential bids for
private and collective auctions. To test our hypothesis we
exam ned the collective bid of the highest bidder in the private
auction. In 100% of the cases, the highest bidder's private bid

exceeded the expected consuner surplus, inplying a positive
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option value or risk premum In only 62.5% of the cases did the
hi ghest bidder's collective bid exceed expected surplus.

Therefore, even though the bidder was wlling to pay a risk
premum for 37.5% of the cases their option value for collective
reduction was negative.

QG her results of the experinent with two risk reducing
mechani sns include findings of an insignificant difference
between bids for probability-influencing self-protection and
severity-influencing self-insurance, slower |earning and val ue
adjustnent relative to experinental nmarkets with one risk
reduction nechanism nonlinearity in probability providing
further evidence for violation of the independence axi om of
expected utility theory, and m xed evidence of a significant
difference in values for private risk reduction nechanisns
relative to collective nmechanisns.

Chapter 3 proceeds as follows. Section 3.2 examnes self-
protection, self-insurance and option val ue. Section 3.3
descri bes the experinental design and procedures. The
experinental results are presented in Section 3.4. Finally, the

conclusions are in Section 3.5

3.2 Self-Protection, Self-lnsurance, and Option Value
Most individuals perceive that they can exercise substantial

control over their lives, including the ability to do sonething

about many of the uncertainties which they face [Perlnmuter and

Monty (1979); Stallen and Tomas (1984)]. As the option value
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literature universally recognizes, one form of control is the use
of market insurance to redistribute income and associated
consunption opportunities toward undesirable prospective
out cones. Gven that insurance prices are actuarially fair and
that the marginal utility of income is decreasing, insurance
woul d be acquired in those anmounts that make the individual
indifferent as to which of a set of feasible states of nature
ultimately occurs [Ehrlich and Becker (1972)]. No matter what
the realized state of nature, the ex post conpensation which the
i nsurance supplies maintains the ex ante utility I|evel.
Questions of ex ante versus ex post valuation therefore becone
irrel evant.

Wth inperfect contingency markets, consuners are not fully
insured. Ex ante willingness-to-pay then becones relevant.
Since fair contingent clains markets rarely if ever exist for
environmental goods, ex ante neasures are especially appropriate
for these goods. If the individual is provided the opportunity
to make option paynents for environmental goods, the efficiency
with which he can allocate his wealth anong states of nature is
enhanced [Cook and Graham (1977)]. An ex ante value neasure then
refers to the mninmum ex ante expenditures the consuner nust nake
in order to maintain his expected utility when the probability of
a future state of nature changes. However, nowhere does the
option value literature explicitly recognize that econom c agents
can influence the probabilities of identifiable states of nature

t hrough the adoption of what Ehrlich and Becker (1972) and
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Laffont (1980) term acts of self-protection or self-insurance.®

For sinplicity, consider an individual under a given
l[iability regine who is uncertain about which of two nutually
exclusive and jointly exhaustive states of nature wll occur.’ .
This individual, whose preferences and incone are independent of
t hese states, nakes an atenporal choice in a von Neunmann-
Morgenstern framework where his expected utility is an
increasing, strictly concave, and differentiable function of his
weal th. Thus, in the absence of self-protection, self-insurance
or an option paynent, expect utility, EU is

EU = PUM.-L) + (L' -.P)UM + Q (3.1)
where E is an expectations operator, P, (0 < P, < 1) is the
individual's initial degree of belief that as loss of L wll
occur, 1 - P, is his degree of belief in the occurrence of a gain
G and UM+ G > YUM- L). Gven concavity of the utility
function, option price, X is then that ex ante sure paynent,
whi ch holds expected utility constant when the probability of a
| oss being realized has changed;8 that is, follow ng Freeman
(1985):

PUML-X) + (1-P)UMGX) = PU(M-L) + (1-P,)U(M+G) (3.2)
where P > P,. In accordance with the traditional option value
literature, the paynment of X secures access to the benefits of
the predetermned probability, P, of the desirable state,

UM+ G [Smth (1985), p. 304)]. Typically, the desirable state

is represented as a pure public good which is independent of any

i ndividual's actions, and which the relevant collective agency
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finances by sure paynents from everyone.

More realistically, one mght view the individual as one of
a collection of potential beneficiaries, any one of whom by
increasing the size of a voluntary option paynent can enhance the
probability of a gain G Simlarly the individual mght inprove
his probability of privately commanding G or reduce the severity
of the loss by adopting assorted self-protection or self-
insurance strategies. The collective and private alternatives
are unlikely to be perfect ex ante substitutes for him if only
because of differences in his ability to influence the
probability of the desirable state. For exanple, contributions
to the construction of a public water treatnent plant mght nake
it nmore likely that everyone will get "safe" drinking water.
Alternatively, an individual could acconplish the sane end for
hi nsel f alone by purchasing a water filter for his hone. The
current theoretical and enpirical option value literature has not
explicitly recognized the inplications of substitution
possibilities.’

When opportunities are available to make a probability-
i nfluencing option paynent or to engage in self-protection or
self-insurance the left-hand-side of (3.2) can be rewitten as:

EU = P(s, X) UM L(Z)-s-Z-X)

+ (1-P(s, X)) MG s- Z- X) (3.3)

where s is self-protection expenditures, and Z is self-insurance,
P(s,X) is differentiable and increasing in s and X, and L(Z) is

differentiable in Z The individual then selects s > 0, Z > 0,
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and X > 0 to maxim ze (3.3). Both self protection, self-
insurance and option price are ex ante paynents that maintain
expected utility. Defining W, = ML-s-Z-COP and W, = MG s-Z-CP,
the following first-order Kuhn-Tucker conditions result, given
that the unit price of self-protection is independent of option
paynent s:

EU; = P, [U(W))-U(W,)] - PU, - (1-P)U, < O,

s > 0, s[EU,] = O (3. 4)
"EU, = =PU_,[1 + L,] - (1-P)U, < O,
Z >0, Z[EG,] =0 (3.5)
EU, = P,[U(W,) - U(W,)] - PU, - (1-P)U, < O (3. 6)
X > 0, X[EU,] =0
Subscripts denote relevant partial derivatives. The terns P.[-]
and P,[-] in (3.4) and (3.6) represent the expected marginal
utilities of a change in the subjective probability of L. The
U,; (i = 1,2) terns are the marginal costs, in terns of altered
noney i ncones. If the expected marginal utilities or narginal
benefits of the probability change equal the marginal costs of s
or X, then an interior solution to the individual's utility
maxi m zation problem is inplied. In this case, the individual
makes a paynment for the collectively supplied good and purchases
sone private self-protection as well. The relative anounts of
option paynents self-protection, and self-insurance expenditures
will depend upon their relative marginal productivities in
securing increases in P or decreases in L.

For exanple, consider a conparison of private and collective
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sel f-protection. If the marginal costs of a decreased noney

income exceed the marginal benefits of a probability increase in

G such that

PU,, + (1-P)U,, > P [U(W,). - U(W,)] (3.7a)
or

“PHyjy .+ .(1=P)U,, > P, [U(W,) = U(W,)] (3.7b)

then a corner solution is obtained, inplying that either the
option price paynent or self-protection or both will be zero. | f
the individual can always produce a given probability increase at
| ess cost by using self-protection than by making an option
payment, he will do so. A sinmlar point applies to his
contributions to any prospective collectively supplied
probability inprovements. Basically, by introducing self-
protection in an option value discussion, one allows the
individual to substitute between own and the collective provision
of a desirable state of nature. Because it expands the
consuner's choice set and thereby inproves his ability to
allocate risk anong states, an opportunity to self-protect
reduces his demand for collective provision of the desirable

® Since discrepancies in utilities are reduced anong

state.’
states, option prices, as is evident from expression (3.6), nust
fall. The value of altering the uncertainty associated with a
lottery on a desirable state is reflected in the individual's
option paynents and in his wllingness-to-pay for self-

protecti on. Consequently, any concept of option value which

refers only to collective provision of a good may result in
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underestimates of the actual ex ante value that individuals
attach to the prospective provision of desirable states;

If the availability of self-protection can reduce option
price then it can also inpact option val ue. Recal | the
definition of option value, OV:.

oV = X - ES. (3.8)
As in Cook and Gaham (1977); ES, expected consuner surplus, is
the consunmer's ex ante benefit from having an entitlenent to the
desirable state, and X, option price., is the above-nentioned gain
from an increase in the ability to reallocate income anong
states. Gaham (1981, p. 72) denonstrates that the use of ES to
neasure ex ante value is correct if and only if conplete
contingent clainms markets exist. Marshall (1976) shows that such
markets inply that risk nust be exogenous. It follows that ES
does not vary with self-protection efforts

If self-protection is an efficient choice for the consuner,
then, in accord with the argunent surrounding (3.7), option
price, as custonmarily defined, can be small or zero. A glance at
(3.8) imediately reveals.that a small or a zero option price
causes a smaller or even a zero or a negative option val ue. | t
follows that |large or even positive option values can exist only
when the individual is an inefficient self-protector, or if he is
uni nformed about opportunities for self-protection. For exanpl e,
| arge scale disasters such as the Chernobyl nuclear accident do
not create much opportunity for efficient self-protection.

lodine tablets can be ingested to reduce the probability of
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illness, but in general private actions may prove too expensive
and conplicated to be economcally feasible. A collective agency
may prove a nore efficient provider given scale econom es. I n
addition, if the individual is wuninformed about self-protection,
he is nore likely to demand collective provision as reflected by
a higher option price.

If efficient self-protection is available however, the
collective agency may find it nore cost-effective to provide
information than to provide the desired good itself. In the case
of Radon gas, such information progranms have vyielded prom sing
results [see Smth and Johnson (1988)].

The preceding results reenforce the findings of Freeman
(1985) about anbiguities in the sign of supply-side option value
when a residual uncertainty remains about the provision of the
desirable state even after sone collective act has been
undert aken. However, Bishop (1982), Brookshire, et al. (1983),
CGoddeeris (1983), and Freeman (1985) have shown that, under
conditions where degrees of belief are predeterm ned, the sure
prospective provision of a collectively supplied desirable state
of nature results in a strictly positive option value for a risk-
averse individual.' Even this single case of determinacy fails
to hold when self-protection is avail able. For exanple, in the
perfectly plausible case where ES_ > s > X, then (3.8) becones

OV = X - ES < 0. (3.9)
In the extrene case where the individual would prefer not to have

any collective provision whatsoever, (3.8) is
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OV = -ES < 0. (3.10)
More generally, the individual's ability to endogenize risk
through self-protection inplies that collectively supplied risk
reductions may be redundant, thereby providing no additional
wel fare benefits.

The results are simlar when conparing self-insurance to
collective risk reduction. The tradeoff between private and
collective action still exists. In the next section, we describe

the experinental markets used to examine the tradeoff in detail.

3.3 Experinmental Design and Procedures
Four experinmental markets where both private and collective
mechani sms for risk reduction were exam ned. The economic
conditions and paraneters of the markets exactly match the four
asset markets presented in Chapter 2, except for one key feature.
Now, private and collective nechanisns to reduce risk were
available in one market. Two of the four experinental markets
exam ned the tradeoff between private and collective self-
pr ot ecti on. The remaining two nmarkets exami ned the tradeoff
between private and collective self-insurance. The experinents
are described bel ow
(a) Each experiment had a fixed group of subjects (n=6) given an
identical bundle of assets, $M
(b) Each asset market consisted of four binary lottery periods
(p, -$L; 1-P, +30). Each lottery period was consistent

across asset markets.
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Each binary lottery period consisted of twelve bidding
auctions: one inexperienced hypothetical auction, five
private nonhypothetical auctions, five collective non-

hypot hetical auctions, and one experienced hypothetical
aucti on. Each subject reported eight hypothetical bids,
twenty private non-hypothetical bids, and twenty collective
non- hypot hetical bids for a reduction in risk.

The four asset markets were defined in terns of both private
and collective reductions in risk. Mrkets SPCSP and CSPSP
are the markets of private and collective provision of self-
protecti on. Markets SICSI and CSISI are the markets of
private and collective provision of self-insurance.

Al four markets were constructed such that there are five
non- hypot hetical bidding trials. Each bidding trial elicits
two bids, a private and a collective bid. The private bid
is organized as a Vickery sealed-bid second-price auction,
and the collective bid is organized as a sealed-bid Smth
Auction [see Chapter 2 for description of Vickery and Smth
Auction rmechani sns].

For markets SPCSP and SICSI, at the beginning of each
bidding trial, the subject first stated his bid for private
risk reduction. The wi nner (the highest bidder) and the
price of protection or insurance (the second highest bid)
was posted as public information. The w nner purchases the
private self-protection or insurance, and is guarantee 100%

cover age. No random draw to determ ne the outcone of the
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lottery, however, is made at this tine.

Next the subjects report their bid for a collective
reduction in risk. The winner of the private reduction was
not excluded from the collective bidding auction, and was
required to report a collective bid. If the sum of the bids
equal s or exceeds the costs of providing a 100% reduction in
risk, then an adjusted (or average) bid is posted as the
reigning price, of protection or insurance. Acceptance by
the collective of the price occurs only if all nenbers
agr ee. If at |east one subject disagrees, then or if the
sum of bids does not exceed costs, then a collective
provision is rejected. Conmuni cation among subjects is
forbi dden. The experinenter sets the costs $C of 100% risk
reduction equal to the sum of expected consumer surplus
given the lottery period. Costs were not posted.

At this point if necessary, a controlled draw from an
urn (P red chips (1-P) white chips) determined the results
of the binary lottery.

(g) Markets CSPSP and CSISI are constructed in the reverse of
markets SPCSP and SICSI. The markets were reversed to
determine if the order of bidding influenced the value of a
reduction in risk.

As before, five bidding trials were run. First the
collective bidding auction was run, then if necessary the
private bidding auction. |f the subjects collectively

purchased the self-protection or insurance, the private
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auction was unnecessary. If, however, the collective

purchase was vetoed, then the subjects conpetitively bid for

a private reduction in risk. A controlled draw then

determ ned the outcone of the binary lottery.

(hy Initial assets $M were reinitialized at the start of each
bi ddi ng auction, thereby avoiding capital gains and |osses
across bidding auctions.

(i) No ot her market insurance was avail able. No transaction
costs other than the price of self-protection or self-

i nsurance were present. Appendix B contains the actual

instructions.

The subjects were students at Appal achian State University,
and were considered inexperienced bidders. The experinental
paraneters were identical to the experinent in Chapter 2: $M =
$10, L = $4, G= %1, P=.2, .1, .01, or .4, and C = $6, $3, $.3,
or $12.

3.4 Experinental Results
3.4.1 Private and Collective R sk Reduction

Table 3.1 summarizes the results for all experinental
markets with two risk reduction nechanisns over all lottery
peri ods. The first two columms describe the four experinental
mar kets (SPCSP, CSPSP, SICSI, and CSISI) and the four lottery
periods (20% 10% 1% and 40%. The table reports two neasures
of central tendency for each bid (inexperienced hypothetical bid,

average private nonhypothetical bid, average collective
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- Table 3.1
Summary Statistic of Experimental Markets
w th Two Risk Reduction Mechanisns

| nexper i enced Average Average Experi enced
Hypot heti cal Nonhypot het | cal Nonhypot het i cal Hypot het i cal
Probabi | ity Bid (UEHB) Private Bid (TRA)  Collective Bid (TRB) Bid (EHB)
Market® of a Loss Mean Median Variance Mean Median Variance Mean Median Variance Mean Median Variance
1. spcspP 20% 250 2.00 3.45 1.8 150 1.16 134100 0.76 1.65 1.80 117
10% 2.37 163 527 150 1.28 1.21 1.890.75 1.46 1.33 1.00 1.82
1% 1.97 050 9.29 08L 03 153 051014 0.8 0.79 0.13  3.53
40% 293 2,48 532 264 271 098 195194 0.72 2.64 2.50 1.8
2. CSPSP 20% 2.40 2.00 263 1.50 1.37 0.59 172 15 1.07 1.82 1.50  2.59
10% 2,36 163 513 121 1.12 1.00 1.84 1.06 3.50 1.36 0.88 2.32
1% 2,53 0.75 12.38 0.59 0.19 054 1.22 040 4.06 1.09 0.13 2.91
40% 245 2,00 261 1.92 1.63 109 187 129 2.05 1.97 1.55 3.73
3. SICSl 20% 2.78 213 358 250 2.25 219 1.96 1.64 1.55 2.72 2.50 3.29
10% 212 145 390 1.95 1.25 337 1.200.8 1.40 2.15 1.03 4.97
1% 1.43 0.38 565 1.03 0.32 231 0.500.21 0.42 1.45 0.30 6.06
40% 371 3.68 515 2,97 2.85 1.17 216 2225 1.60 3.17 2.75 2.13
4. CSIS 20% 2.40 2,00 3.66 1.83 1.70 0.53 173 165 1.28 1.91 175 L97
10% 2.03 1.00 6.37 0.87 0.75 0.53 0.84 057 1.08 1.00 0.75  1.52
1% 1.64 0.25 10.49 0.23 0.12 0.08 0.32 0113 0.26 0.61 0.10 3.37
40% 3.26 3.00 513 2.08 219 0.87 207 204 0.99 2.61 2.63 3.13

gn=30for each experinental market . . . . . .
spcsp - Private Bid then collective Bid for self-protection; CSPSP - collective Bid then private Bid for self-protection;

SICSI - Private Bid then collective Bid for self-insurance; CSISl -

collective Bid then private Bid for self-insurance.

NOTE: V¢ do not accept the null hypothesis that the population mean is zero at the .01 level using a one-tailed test for

all UEHB, TRA, TRB, and EHB across markets and probability periods.

hypothesis for the EHB hid for 1% probability period in the CSISI market.

The one exception is we cannot reject the null



nonhypot hetical bid, and experienced hypothetical bid), the
estimated nmean and nedian bids in dollars; and one neasure of
di spersion, the estimated variance.

Figures 3.1 through 3.4 illustrate the nmean bids over the
trial periods for the experinental markets. For exanple, in-
Figure 3.1 for nmarkets SPCSP and SICSI, T1 and T2 reflect the
nmean bid for private and collective self-protection (SP) or self-
insurance (SI) for trial period 1. T3 and T4 are the nean
private and collective bids for trial period 2. The pattern
continues for five trial periods. For market CSPSP and CSISI, T1
and T2 reflect the nean collective then the private bids for
self-protection or self-insurance. Exam ning Figures 3.1 through
3.4 one notes the jagged pattern of bids over trial periods.

A W/l coxon rank sum test was conducted to determine if a
significant difference exists between the average nonhypotheti cal
private bid (TRA) and collective bid (TRB) for the five tria
peri ods over each market [see Siegal (1956) for a description of
the WIlcoxon test]. Table 3.2 presents the results of the
W1 coxon test. Note that the order of presentation of private
and collective bids was inportant in inducing significantly
different TRA and TRB bi ds. If the private bid is present first
(markets SPCSP and SICSI), then there is a significant difference
in 100% of the cases. This result is consistent with the
findings in Chapter 2 where private risk reduction was
significantly greater than collective markets.

If the collective bid is presented first, however, as in

51



DOLLARS

MEAN BID — PROBABILITY OF A LOSS 20%

Four Markets ~ Two Risk Red. Mech.

UEHB T 12 13 T4 15 16 L B T2 Ti0 EHB

o sicsl +  SPCSP o SISl A CSPSP

Figure 3.1



OOLLARS

MEAN BID — PROBABILITY OF A LOSS 10%

Four Markets — Two Risk Red. Mech,

UEHB Lkl 12 T3 T4 15 16 7 8 = T10

D - siesl L + SPCSP- o - CSiS - - & CSPSP

Figure 3.2

EHB



DOLLARS

UEHB

O

MEAN BID — PROBABILITY OF A LOSS 17

Four Markets — Two Risk Red, Mech, -—

Sicst +  SPCSP o ¢SSl A CSPSP

Figure 3.3




MEAN BID — PROBABILITY-OF A LOSS 40%

‘ Four Markets — Two Risk Red. Mech,
4 :

25\
1\

3

\ % .
AN WAV .\ YAVAV/S
NN, VA AN
WK TN

1.5
1 -

0.5 -

=~ i ] i I ] [ [ 1 I
UEHB ™ 12 13 T4 EE] 16 7 18 T Ti0 EHB
: TRIALS
o sics +  SPCSP o Csisl A . CSPSP

Figure 3.4



Table 3.2
Summary Statistic of the Wilcoxon
Rank-Sum Test Between the
Average Nonhypothetical Private (TRA)
and Collective (TRB) Bids

Experimental Probability Test Observed
Market? of a Loss Statistic Significance Level

SPCSP 20% -3.347* .00
10% -3.347* .00
1% -2.403* .02
40% -3.643** .00
CSPSP 20% -1.476 .09
10% -1.678 .09
1% -1.935* .05
40% -0.714 .48
SICSI 20% -2.664** 01
10% -2.664** 01
1% -3.095** .00
40% -2.869*%* .00
CsIsI 20% -1.038 .30
10% -1.038 .30
1% -1.416 .16
40% -0.669 .50

8spcsp or SICSI - private then collective self-protection or self-insurance
CSPSP or CSISI - collective then private self-protection or self-insurance

*-significant at 5% level
**-significant at 1% level



markets CSPSP and CSISI, then in only 12.5% of the cases did the
TRA and TRB bids differ. In these nmarkets, private bids are

bi ased downwar d. If the group purchased collective risk
reduction, then the need for private protection is totally
elimnated resulting in a dowmward bias of zero private bids.

In terns of the inexperienced hypothetical bid (UEHB) and
the experienced hypothetical bid (EHB), the order of private and
collective bids was relatively uninportant. Table 3.3 presents
the results of the WIcoxon rank-sum tests conparing UEHB and EHB
bet ween markets SPCSP and CSPSP and markets SICSI and CSISI.

For the UEHB bid, no significant difference existed. For the EHB
bid, a significant difference was found in 37.5% of the cases,
but in no consistent pattern across l|lottery periods.

Figures 3.5 and 3.6 are representative conparisons of the
private and collective bids in experinental markets with one and
two risk reduction mechanisns. For exanple, Figure 3.5 exam nes
self-protection bids for the 20% |ottery period for markets SP--
private bids, CSP--collective bids, SPCSP--private then
collective bids, and CSPSP--collective then private bids. The
experinents with one nmechanism (SP and CSP) provide bounds on the
value for reduced risk in which generally the values in markets

with two nechani sms stay between.

3.4.2 Risk Premum or Option Value

One of the main purposes of the experinental nmarkets with

two risk reduction nechanisns is to exam ne how a substitutable
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Table 3.3
Summary Statistic of the Wilcoxon Rank Sum

Test Between Experimental Markets for
Inexperienced and Experienced Hypothetical

Bids (UEHB and EHB)

Experimental

UEHB

EHB

Probability Test

Observed

Test

Observed

Markets’ of a Loss Statistic Significance Level Statistic  Significance Level
SPCSP vs. 20% 0.074 .94 0.126 .90
CSPSP 10% -0.037 .97 0.578 .56
1% -0.727 A7 0.952 .34
40% 0.298 77 2.505** .01
SICSI vs. 20% 0.983 .33 1.889 .06
CSISI 10% 1.083 .28 2.009* .04
1% 0.715 .48 2.135* .03
40% 1.040 .30 1.379 17

3sPCsP or SICSI - private then collective self-protection or self-insurance
CSPSP or CSISI - collective then private self-protection or self-insurance
*-Significant at 5% level
**.Significant at 1% level



DCLLA

COMPARISON OF FOUR SELF—PROTECTION MKTS

WMean Bid — Probability of a Loss 20%
3.5 P

g ) ‘ //

0.8

Figure 3.5



DOLLARS

COMPARISON OF FOUR SELF—INSURANCE MKTS

Mean Bid — Probability of a Loss 20%

2.5 - S ,
1 -
" %%

a

0.5 -

VA

T4 15 16 T7 18 T T10
TRIALS

Figure 3.6

EHB



private mechanism affects bids for collective action. Recall the
argunent made earlier that if the individual is an efficient
provider of private risk reduction, then their value for
collective action could be less than expected consuner surplus or
even equal to zero. Consequently, the individuals risk premum
or option value for collective risk reduction will be negative.

A positive option value would hold them only if the individual is
an inefficient provider of private protection or jn uninforned
about private opportunities.

Table 3.4 presents the summary statistic of the average
individual's risk preference and risk premum in parkets with two
mechani sns. No general patterns can be observed for the average
individual in regard to private and collective nonhypotheti cal
bid risk premunms. One does note that risk premuns across all
cases decline with repeated trials. The individuals becanme |ess
risk averse after acquiring nore market experience. ne al so
notes that the average individual overestimated the 1%
probability of a loss. The risk premum significantly exceeded
the other lottery periods in every case. Al though |earning over
repeated trials did decrease the risk premum for a 1%
probability, it remained significantly higher than the other
lotteries were for the final experienced hypothetical bid (EHB).
This result is consistent with observed violation of the Iinear
in probabilities necessary for the independence axiom assunption
required for expected utility theory as discussed in Chapter 2.

To examine how private substitutes affect bids for
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Table 3.4
Summary Statistic of Risk Preference and Risk Premium
of Experimental Markets with Two Risk Reduction Mechanisms

Probability Unexperienced Nonhypothetical Nonhypothetical Experienced
of a Hypothetical Bid Private Bid Collective Bid Hypothetical

Bid

Market® Loss Mean/ES? Mean/ES Mean/ES Mean/ES

1. SPCSP 20% 2 gdb 1.84 1.34 1.65
10% 4.74 3.00 3.78 2.66
1% 39.40 16.20 10.20 15.80
40% 1.47 1.32 0.98 1.32

2. CSPSP 20% 2.40 1.50 1.72 1.82
10% 4.72 2.42 3.68 2.72
1% 50.60 11.80 24.40 21.80
40% 1.23 0.96 0.94 0.99

3. SICSI 20% 2.78 2.50 1.96 2.72
10% 4.24 3.90 2.40 4.30
1% 28.60 20.60 10.00 29.00
40% 1.86 1.49 1.08 1.59

4. CSISI 20% 2.40 1.83 1.73 1.91
10% 4.06 1.74 1.68 2.00
1% 32.80 4.60 6.40 12.20
40% 1.63 1.04 1.04 1.31

3 represents expected consumer surplus. ES = $1, $.5, $.05, and $2 for lottery period
20%, 10%, 1%, and 40%.

bMean/ES > 1 (=1/<1) reflects risk aversion (neutrality/Lower).

®spcsp or SICSI - private then collective self-protection or self-insurance
CSPSP or CSISI - collective then private self-protection or self-insurance



collective action, we can exam ne the bidding pattern of the
hi ghest bidder in the private Vickery auction. For markets SPCSP
and SICSI one would expect, ex ante, that since the highest
bi dder of the private market is guaranteed full protection or
insurance with 100% certainty, his or her subsequent bid for
collective reduction wuld be small or zero. For markets CSPSP
and CSISI, one would expect a low collective bid if the
i ndi vidual planned on being the highest bidder in the private
auction. The experinmental results provide weak support for this
hypot hesi s. Table 3.5 presents the collective bid of the highest
bidder in the private auction. |n 100% of the cases the highest
bidder's private bid exceeded the expected consuners surplus
inmplying a positive option val ue. However, the highest private
bidder's collective bid exceeded expected consumer surplus 62.5%
of the cases. In 37.5% of the cases, the collective bid of the
hi ghest private bidder was |less than or equal to expected
consunmer surplus, inplying a negative option val ue

The results are not particularly robust in supporting our
hypot hesis of substitutable risk reduction mechanisns. There are
four potential explanations for this result. First, the
collective nechanism was a Smth auction with unanimty voting
rules. Any negative vote would veto the purchase of a collective
ri sk reduction. In nearly 91% of the cases, the highest bidder
used his veto power to cancel any collective action. The hi ghest
bi dder would have bid on collective action knowing he or she

could reject any price for collective risk reduction.
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